Objectives: To review the evidence on the safety and efficacy of hepatopancreatoduodenectomy for biliary and gallbladder cancers.
Introduction
Bile duct cancer (BC) and gallbladder cancer (GC) are aggressive diseases with dismal prognosis, for which surgery remains the most effective treatment option in patients with resectable disease. 1, 2 Although hepatopancreatoduodenectomy has been performed for advanced stage disease as an attempt at curative resection over the past three decades, only a few sporadic case reports or small patient series have been published and the surgical outcomes of the procedure have not been adequately analyzed. [3] [4] [5] [6] [7] [8] [9] [10] The purpose of the present study was to perform a systematic review of the literature to evaluate the safety and efficacy of hepatopancreatoduodenectomy for BC and GC.
Materials and methods

Study selection
A literature search was performed using Medline and EMBASE databases from the date of the earliest report of hepatopancreatoduodenectomy in 1991 3 to October 2014. Search terms were "hepatopancreatoduodenectomy," "cholangiocarcinoma," "bile duct cancer," "gallbladder cancer," and "combined liver and pancreatic resections." Reference lists from relevant articles were checked manually for additional studies of interest. Only studies with at least five patients who underwent hepatopancreatoduodenectomy and published in English were included. Letters, reviews, abstracts, editorials, expert opinions, non-English language papers and animal studies were excluded. In the case of multiple publications of a given cohort of patients, only the most recent one was used.
These authors contributed equally to this work.
Two investigators (JY and YZ) independently reviewed all the retrieved studies that met the inclusion and exclusion criteria. Discrepancies between the two reviewers were resolved by discussion and consensus. The two reviewers extracted data on the following categories: authors, country, study design, study period, number of patients, sex, age, type of disease, type of the surgical procedure, duration of operation, estimated blood loss, proportion of R0 resection (no microscopic residual tumor), morbidity, mortality, and survival. The level of evidence of each study was categorized according to the Evidence-based Medicine Levels of Evidence.
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Statistical analysis Pooled statistics were presented as total and percentage for categorical variables and as median values and range for continuous variables.
Results
Characteristics of the study population
Eighteen studies involving 397 patients were finally included in the review. Table 1 . All these studies were observational (level IV evidence). Underlying diagnoses were BC (n = 241, 61%), GC (n = 152, 38%), ampullary tumor (n = 1), neuroendocrine tumor of the pancreas with coexistent metastases to the liver (n = 1), liver and pancreas metastases from colon cancer (n = 1), and gastrointestinal stromal tumor of the duodenum with liver metastases (n = 1).
Surgical outcomes
The surgical outcomes of the 18 studies are summarized in Table 2 . There were 41 reported in-hospital deaths in 397 patients having hepatopancreatoduodenectomy. The causes of death available in 26 patients included hepatic failure (n = 11), tumor progression (n = 3), obstruction of the reconstructed portal vein (n = 2), intraabdominal bleeding (n = 2), multi-organ failure (n = 2), liver abscess (n = 2), suppurative cholangitis (n = 1), pneumonia (n = 1), methicillin resistant staphylococcus aureus septicemia (n = 1), and peritonitis (n = 1).
Regarding the long-term result, the five-year overall survival in patients who underwent R0 resection was 18-68.8% (median = 51.3%), and 0% in those with R1 or R2 resection. The 5-year survival rate in BC patients and GC patients ranged from 0% to 64% (median = 33%) and from 0% to 43% (median = 10.4%), respectively.
Discussion
The overall prognosis for biliary and gallbladder cancers remains dismal, mainly due to the advanced stage of the disease at presentation. Both diseases have the propensity to invade extensively, not only along the bile duct but also into adjacent organs via the lymphatics and perineural spaces. With the support of advances in surgical techniques and perioperative management, hepatopancreatoduodenectomy has been performed to improve the resectability and outcome of patients with biliary and gallbladder cancers. However, this aggressive procedure remains controversial in regard to the balance between the survival benefit and high risk of mortality and morbidity. As demonstrated in the present study, postoperative complications occurred in 78.9% patients, resulting in a perioperative mortality of 10.3%. Hepatic failure was the most reported source of perioperative mortality, mainly related to insufficient liver remnant. Most hepatopancreatoduodenectomies (81.3%) include a major hepatectomy y (3 Couinaud's hepatic segments) that removed large amount of hepatic mass. Preoperative portal vein embolism (PVE) is purposed to improve safety and tolerance of major hepatectomy and increase respectability by inducing homolateral atrophy and contralateral compensatory hypertrophy of the remnant liver. Nimura et al. 3 performed hepatopancreatoduodenectomy without PVE in 24 patients of whom 6 died. In their recent series of 85 patients, 78.8% patients received preoperative PVE, of whom only 2 died. 20 These observations indicate that preoperative PVE is an effective procedure to reduce the risk for postoperative liver failure and associated mortality.
Preoperative hyperbilirubinemia also increases the risk of hepatic failure following hepatopancreatoduodenectomy. It appears that biliary obstruction increases susceptibility to endotoxemia, impairs the function of hepatocyte mitochondria, and reversibly reduces the activity of microsomal mixed function oxidase (MFO). 24 Preoperative biliary drainage can promote early bile duct decompression in future remnant lobe(s), improve liver function, and prevent cholangitis. 25 A recent metaanalysis of six randomized clinical trials (RCT) failed to show any significant benefit of using preoperative biliary drainage in jaundiced patients planned for surgery. 26 However, these studies included mostly bypass surgeries and palliative resections, and there were very few major hepatectomies combination with an obstructed liver. Hyperbilirubinemia is reported to be strongly associated with increased in-hospital mortality after extended hepatectomy. 27 Thus, preoperative biliary drainage should be recommended before major hepatectomy combined with pancreatoduodenectomy in jaundiced patients, accepting there is no RCT-based evidence. Another life-threatening complication of hepatopancreatoduodenectomy is pancreatic anastomotic leakage, which is associated with intraabdominal hemorrhage and abscesses. Sakamoto et al. 22 reported one patient died who of bleeding from a pancreatic fistula and subsequent hepatic failure after hepatopancreatoduodenectomy. Wrapping an omental flap around the dissected splanchnic vessel in pancreatoduodenectomy has been reported to decrease the risk of postoperative intraabdominal bleeding. 28 In addition, external drainage of pancreatic juice by inserting a tube into the main pancreatic duct is a technique that has been suggested to prevent a pancreatic fistula, in which pancreatic juice is diverted away from anastomosis. 29 Miwa et al.
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reported no pancreatic leak in a series of 22 patients undergoing complete external drainage of pancreatic juice, followed by second-stage pancreatojejunostomy. Thus accepting the relatively low levels of evidence on which to base decisions the authors propose the current algorithm (Fig. 2) for patients being considered for combined hepatopancreaticoduodenectomy. In this systematic review, the 5-year survival rate is 3-50% (median = 31%), which is better than that of a reported series of subjects with unresectable tumors, 30 suggesting that aggressive resection may be justified in well selected and prepared patients with advanced biliary and gallbladder cancers. In particular, patients who underwent curative resection had a significantly better prognosis than those with non-curative resection emphasizing the importance of preoperative selection. Several articles analyzed the impact of the disease type on the prognosis of patients undergoing hepatopancreatoduodenectomy and reported inconsistent results. Nimura, Miwa, Wakai, Hemming, Lim, Utsumi and their colleagues found that the survival rate of BC and GC patients was comparable. 3, 13, 17, 18, 21, 23 On the contrary, Sakamoto et al. 22 reported that the survival rate in GC patients was lower than that in BC patients. However, in their series, the clinical stage was IV in 3/14 BC patients and IV in all 5 GC patients (P = 0.002). Biliary infiltration was positive in all 5 GC patients and the radial margin was positive in 4. The worse prognosis for GC may have been due to its more advanced stage and a lower R0 resection rate as compared with BC. This review was limited by the quality of the evidence reported in the literature, its retrospective nature and the small sample size. The predictive variables for patient selection were not well addressed. Further prospective multi-center studies may help improve identification of patients in whom hepatopancreatoduodenectomy offers benefits.
In conclusion, hepatopancreatoduodenectomy for biliary and gallbladder cancers is a challenging procedure with high morbidity and mortality rates. However, this procedure can provide the chance for long-term survival if curative resection is feasible. Preoperative biliary drainage in jaundiced patients, PVE scheduled for major hepatectomy, and external drainage of pancreatic juice may decrease the risk of surgery.
